Triticale has shown different behavior to aluminum toxicity (A1 3+ ) when applied nutrient solution. This study had the objective of evaluating 19 triticale lines inserted at International Maize and Wheat Improvement Center (CIMMYT), IAC-5 cultivar and two control cultivars of wheat in the presence of 0, 3, 6, 9, 12 and 15 mg L -1 of Al 3+ . Afterwards, four genotypes being two tolerant and two sensitive were chosen to obtain the F 1 's, F 2 's, RC 1 's and RC 2 's generations, in all possible crossing. The seedlings were submitted to 6 mg L -1 of Al 3+ and analyzed later on (tolerant and sensitive) by the chi-square method. The root growth was also obtained to estimate the genetic parameters involved in the character control. The trials were carried out in laboratories, in nutritive solution. The genotypes were tolerant to 15 mg L -1 of Al 3+ , exception the line 14 (P 3 ), sensitive to 3 mg L -1 of Al 3+ and the line 13, 17 and the cultivar IAC-5 (P 4 ), sensitive to 6 mg L -1 of Al 3+ , the line 15 sensitive to 12 mg L -1 of Al 3+ and the lines 16 and 18 sensitive to 15 mg L -1 of Al 3+ . It was concluded that the inheritance to tolerance to aluminum toxicity is dominant and governed by a pair of alleles. The genetic parameters involved in the root growth control in solution containing 6 mg L -1 of Al 3+ also revealed simple inheritance, suggesting a selection in the first segregating generations.
INTRODUCTION
The interespecific crosses carried out artificially between the genus Triticum with Secale cereale L., gave rise to the triticale (X triticosecale Wittmack), which added important characteristic from their parents, such as the increased production of wheat grain and resistance to biotic and abiotic characteristics with the low demanding in soil fertility of rye (Baier, 1999) . Genotypes of triticale have demonstrated different reaction in the presence of Al 3+ toxicity in trials using nutrient solution (Camargo et al., 2006; Niedziela et al., 2012) . This technique has been used in winter cereal breeding programs due to the difficulty presented to evaluate the tolerance to Al 3+ toxicity in field, demonstrating great representativeness when associated to the field condition (Portaluppi et al., 2010) .
The Al 3+ toxicity is a more serious problem in acid subsoil, due to the correction difficulty, not allowing the root deepening, decreasing the tolerance to dryland and interfering in the absorption and translocation of nutrients such as phosphorus, calcium, magnesium, and iron (Horst et al., 2010; Kochian et al., 2004) . Great efforts are provided for the comprehension of the responsible mechanisms by the tolerance to Al 3+ toxicity in plants. The inheritance mechanisms are different depending on the species and varieties (Sánchez Chacón et al., 2000) . Genes present in the short arm of the chromosome 3R in triticale induced the organic acid exudation, which is the principal mechanism of Al 3+ tolerance (Ma et al., 2000) .
Many species have developed mechanisms to improve survival in acidic soils (Ryan et al., 2011) . These mechanisms were comprehended and divided into those capable of excluding or hindering the penetration of Al 3+ by root (exclusion or resistance mechanisms) and those that allow the entry of Al 3+ in the plants, which were later housed in the tissue after penetration symplast (tolerance mechanisms).
Because this is extremely important character, chiefly to the winter cereal, the Al 3+ tolerance has presented simple inheritance determined by a dominant gene in bread wheat (Camargo et al., 1999) , in durum wheat (Del Guercio and Camargo, 2011) and oat (Sánchez Chacón et al., 2000) . However some studies show quantitative inheritance in rice (Ferreira et al., 1997) and wheat (Aniol, 1990) .
To know the magnitude of genetic effects, this study had the objective to evaluate the differential behavior of Mexican triticale lines when it comes to the Al 3+ tolerance and toxicity, as well as verifying the genetic tolerance control and the genetic parameters involved in the root growth, in nutrient solution. (Table 1) , plus the control cultivar of bread wheat: BH-1146 (tolerant) and Anahuac (sensitive) were evaluated in laboratory conditions, for tolerance to Al 3+ toxicity in concentrations 0, 3, 6, 9, 12 and 15 mg L -1 , using nutrient solutions. The solutions were aerated dialy and maintained at ph 4.0. The experimental design was in randomized blocks with subsampling in the plots, with the plots of six different concentrations and, the subplots, the genotypes, with four replications. Data were evaluated, considering the average of the central primary growth root of five seedlings of each genotype, in 72 hours growing in complete nutrient solutions without aluminum, following 48 hours growing in treatment solutions containing six different aluminum levels. Those which presented root growth were considered tolerant, whereas those with root growth paralyzed were considered sensitive (Camargo et al., 2006) .
MATERIAL AND METHODS

Twenty triticale genotypes
In order to make up the genetic study four triticale parents, which presented variability about tolerance to Al 3+ toxicity, were used, the genotypes 3 (P 1 ) and 8 (P 2 ), aluminum tolerant and the genotype 14 (P 3 ) and the IAC 5 -Canindé (P 4 ) used as sensitive (Table 1) . After selection, those were carry out in screen house to obtain the generations F 1 , F 2 and the backcrossing RC 1 and RC 2 . The germinated seeds of each parent and their future generations were sowed in nutrient solution, having the concentration of 6 mg L -1 of Al 3+ using the same technique mentioned before. The concentration was chosen based on studies which showed this level to be efficient for the separation of Al 3+ tolerant and sensitive plants. In the six replications, the frequencies of tolerant and sensitive plants were computed based on tolerance reactions (root growth) and sensitive (paralysation). The Chi-Square test was used to compare the frequencies obtained and expected to the segregation hypothesis of a pair of alleles with dominance effect.
In order to obtain the estimates of genetic parameters of the root growth, it was evaluated in terms of individual plants, in all parents and their respective hybrid combinations and generations, the growth of the central primary root after 72 hours of growth in complete nutrients solution, in millimeters, which was followed by a 48 hour treatment in nutrient solution containing 6 mg L -1 of Al 3+ , with the exception of the crossing between P 3 and P 4, both are sensitive, because they showed, in all evaluated generations seedlings with paralysation in root growth after a treatment solution in presence of Al 3+ in 6 mg L -1 concentration.
Using the computational program Genes (Cruz, 2006) , the following parameters were estimated: phenotypic, genotypic, environmental, and additive variation; heritability estimated in the broad sense and narrow sense and the number of genes involved in the character control.
RESULTS AND DISCUSSIONS
The root growth average of the twenty triticale genotypes, besides the two control bread wheat cultivars BH-1146 (tolerant) and Anahuac (sensitive) are presented in table 2. In the treatment solution without aluminum all genotypes presented growth in the central primary root, being observed only differences referred to the genotype genetic constitution.
It was also verified that as concentration was increased, there was a tendency to reduce the average root growth, making it possible to list the genotypes according to the reaction to Al 3+ toxicity. This reduction was already expected considering that all the genotypes evaluated in nutrient solution contained increasing concentrations of aluminum presented root growth reduction in more elevated doses (Portaluppi et al., 2010) .
In nutrient solution containing 3 mg L -1 of Al 3+ only the line 14 and the control cultivar Anahuac were sensitive, due to the fact that these genotypes exhibit an irreversible of the central primary root growth in this concentration. The lines 13, 17 and the IAC 5 -Canindé cultivar presented sensibility in nutrient solution containing 6 mg L -1 of Al 3+ , agreeing with the ones obtained by Camargo et al. (2006) .
The genotypes evaluated did not present sensibility in nutrient solution containing 9 mg L -1 of Al 3+ , except the already sensitive to 3 and 6 mg L -1 of Al 3+ , demonstrating tolerance of these genotypes in elevated concentrations. The line 15 demonstrated sensibility in nutrient solution containing 12 mg L -1 of Al 3+ and the lines 16 and 18 were sensitive in nutrient solution containing 15 mg L -1 of Al 3+ . In this concentration, the other triticale lines evaluated and the control cultivar of wheat BH-1146 were tolerant to aluminum for presenting central primary root growth. Due to this high tolerance, these genotypes will be able to be, in the future, recommended to be cultivated in acid soil and to be used as genetic sources in triticale breeding programs.
The genetic study according to tolerance to toxicity of Al 3+ to 6 mg L -1 in nutrient solutions of seedlings of the parents P 1 , P 2 , P 3 e P 4 , as well as crossings in generations F 1 's e F 2 's, and the backcrosses RC 1 's and RC 2 's, expressed in number of plant tolerant (T) and sensitive (S), are in tables 3 and 4, respectively.
All the seedlings of the parents P 3 e P 4 were sensitive to the presence of 6 mg L -1 in treatment solutions, presented an irreversible root growth after remaining 48 hours in this solution. The parents P 1 and P 2 exhibit tolerance to this concentration of aluminum toxicity, presenting root growth even after being 48 hours in treatment solution.
The generations F 1 showed all seedlings tolerant, except crossing between the parents P 3 and P 4 ( Table 3 ). In the crossings where at least one tolerant parent was one of the parents (P 1 x P 3 , P 1 x P 4 , P 2 x P 3 and P 2 x P 4 ), it was showed tolerance to Al 3+ in all progenies evaluated, suggesting that the parents P 1 and P 2 carry a pair of dominant alleles and that the inheritance to the toxicity of Al 3+ is monogenic, data also found by Del Guercio and Camargo (2011) in durum wheat.
In the generation F 2 it was observed the segregation 3:1 in all inbred lines involving tolerant and sensitive parent (Table 3 ). In the inbred line P 1 x P 3 it was observed the segregation of 267 tolerant plants to 105 sensitive plants, with a value of 15% probability of not having occurred randomly. The inbred line P 1 x P 4 (0.03), exhibited 257 tolerant and 109 sensitive; the F 2 inbred line P 2 x P 3 exhibited segregation of 281 tolerant to 94 sensitive, indicating 100% of probability. The F 2 inbred line P 2 x P 4 (0.06), presented 261 tolerant plants and 108 sensitive.
In RC 1 's where the tolerant parents were recurrent, all the seedlings presented root growth after remaining in the concentration 6 mg L -1 of Al 3+ (Table 4 ). In this generation only the RC 1 (P 3 x P 4 ) x P 3 demonstrated all the sensitive seedlings.
The RC 2 (P 1 x P 2 ) x P 2 , with all the tolerant seedlings and (P 3 x P 4 ) x P 4 with all the sensitive, showed proportion 1:0 and 0:1 respectively, with probability values of 1.00, indicating 100% probability of not having occurred randomly (Tabela 4).
The backcross (P 1 x P 3 ) x P 3 showed 79 tolerant seedlings and 119 sensitive, with expected proportion of 1:1, with probability value of 0.004. Probably, this fact occurred due to low vigor presented by seeds of this cross, because when they were put to germinate, originated less developed seedlings, when compared to other populations. The low vigor of seeds of this cross may be linked to genetic incompatibility between the parents involved, interfering in the seedling development.
It was observed a segregation of 98 tolerant seedlings to 100 sensitive in the backcross (P 1 x P 4 ) x P 4 ; of 100 tolerant seedlings to 92 sensitive in (P 2 x P 3 ) x P 3 ; and of 101 tolerant seedlings to 96 sensitive in (P 2 x P 4 ) x P 4, almost at the Table 3 . Reactions to aluminum toxicity (6 mg L -1 ) in nutrient solutions of the parents P 1 , P 2 , P 3 and IAC-5 (P 4 ) and the generations F 1 , F 2 , expressed in numbers of tolerant plants (T) and sensitive plants (S) to the aluminum toxicity Probability of success between the obtained and expected frequencies by the hypothesis of the segregation of a pair of alleles expected proportion 1:1, with probability values of 89%, 56% and 72%, respectively, for not having occurred randomly. From the results it would be possible to consider that the parents P 1 and P 2 would have the genotype combination AA (tolerant), the P 3 and P 4 aa (sensitive). The crosses between tolerant x sensitive parents (F 1 ) would be Aa (Tolerant) and the F 2 's would be the segregation 1/4 AA (tolerant), 2/4 Aa (tolerant) and 1/4 aa (sensitive). The RC 1 F 1 would have the segregation 1/2 AA (tolerant) and 1/2 Aa (tolerant) and the RC 2 F 1 would present segregation 1/2 Aa (tolerant) and 1/2 aa (sensitive) combining the tolerance inheritance to Al 3+ in common wheat (Camargo et al., 1999) and durum wheat (Del Guercio and Camargo, 2011) .
The estimations based on variances obtained to the root growth, after remaining in solution containing 6 mg L -1 of Al 3+ , are in table 5. It is observed that there was predominance of genotype variation about the environmental in all the crosses, showing homogeneity between the values obtained, representing most of the total variance observed.
The genetic variance decomposition demonstrated that the additive variance was the most important component, representing in all crosses the totality or even great part of the genetic variance showed to the root growth, interfering in the dominance effect, which in some cases was negative. The importance of the additive effects in the root growth in Al 3+ was also demonstrated by Ferreira et al. (1997) in rice, which they also verified greater estimations of additive variance than genetics. The presence of additive variance conditions the possibility of gaining with the selection of superior homozygotic genotypes from F 2 (Ramalho et al., 1993) .
Based on the information obtained by the variances, the values for heritability coefficient in broad sense were 63.77 to 91.80 and the heritability in narrow sense were 74.46 to 94.56, with its respective amplitudes, showing high heritability of the root growth (Table 5 ). With the exception the cross between P 1 and P 2 , both tolerant in the concentration of 6 mg L -1 of Al 3+ and the cross P 3 and P 4 , considered sensitive (absence of root growth after treatment solution), it is possible to suggest that the control of this character is probably governed by one or two genes.
Considering the cross between the tolerant parents, the character showed oligogenic inheritance, different from the data obtained by Aniol (1990) studying different genetic Probability of success between the obtained and expected frequencies by the hypothesis of a pair of alleles segregation sources in wheat. However, Ferreira et al. (1997) suggested that the root growth in rice was conditioned to four genes, with quantitative behavior, data also obtained by Camargo and Ferreira Filho (2005) evaluating two parents contrasting to the root growth. These estimates are indicators of the genetic nature and probability to obtain superior genotypes when it comes to the root growth in triticale. Few genes, low environment influence and high proportion of the additive variance in expressing the genetic variance imply more facility to improve to obtain genotypes with tolerance to aluminum toxicity, besides allowing early selection in the first segregating generations.
CONCLUSION
Triticale genotypes present differential reaction to tolerance in the presence of aluminum toxicity in nutrient solution. The line 15 were sensitive in nutrient solution containing 12 mg L -1 of Al 3+ and the lines 16 and 18 in 15 mg L -1 of Al 3+ . In this concentration, the other triticale lines evaluated and the control cultivar of wheat BH-1146 were tolerant to aluminum. Due to this high tolerance, these genotypes will be able to be recommended to be cultivated in acid soil and to be used as genetic sources in triticale breeding programs.
The aluminum tolerance in triticale has simple inheritance and is governed by a dominant gene.
The selection for the root growth should be done in the first segregating generations, due to the oligogenic behavior in the character control.
